A cross-neutralization study of 22 alphaviruses disclosed two major antigenic complexes and two viruses that were distinct from all the others. Cross-reactions were common but were restricted within the complexes. Sub-groupings within a complex were also shown, and some viruses proved to be indistinguishable by neutralization testing. The results generally paralleled previously reported data. Investigations were carried out, using BHK 2I cells in a micro tissue-culture system, on all available alphaviruses.
INTRODUCTION
The current catalogue of Arthropod-borne viruses (Berge, I975) lists 19 different alphaviruses. Most of these have been extensively studied by haemagglutination-inhibition (HAI) and complement fixation (CF) tests, but until recently comprehensive cross-neutralization data where a single technique was applied to all listed viruses was not available.
A cross-neutralization study of 15 alphaviruses was reported by Porterfield (I96I) using a plaque-inhibition test and showed eight different serotypes of the alphaviruses known at the time. Karabatsos (I975) published a more complete assessment of 20 alphaviruses using a plaque reduction neutralization test. A comprehensive picture of the different complexes within the group was obtained. Porterfield used antisera prepared in rabbits or mice following one or three inoculations and Karabatsos used mouse ascitic fluids and antisera prepared in mice following two to four inoculations.
We report here our results on 22 alphaviruses representing ~9 different serotypes, using a simple micro-neutralization method which proved rapid, economical and sparing of reagents.
METHODS
Viruses. The z2 alphaviruses used in this study are shown in Table I . All stock viruses were prepared in I-to 2-day-old suckling mice. Infected brains were removed before death, prepared as 20 % suspensions in phosphate buffered saline (PBS), clarified by low speed centrifugation and stored at -80 °C.
Abbreviations used in this report are also shown in the same table.
Antisera. All antisera were prepared in New Zealand White rabbits. The rabbit inoculation regime was alternate doses of I.O ml virus plus I.O ml Freund's complete adjuvant intramuscularly, or I-O ml virus alone intravenously. The rabbits were test-bled 7 days after each inoculation and the homologous log neutralization index (LNI) determined. An antiserum was only considered suitable if it had an homologous LNI of 4"o or more. This was usually achieved after the third or fourth inoculation (except in the case of Sindbis which required five). If the LNI exceeded 6-0 it was adjusted to 5"o by diluting with serum free medium. All antisera were heat-inactivated before use. Dilution of the antisera varied from t : 5 to I : 8o. When the antiserum proved to be of sufficient potency the rabbits were exsanguinated and the serum stored in I-O ml portions at -20 °C. The antiserum to SF virus was prepared by a different method, as part of a pilot study for another experiment. The rabbit to be inoculated was pre-bled into an equal volume of Alsevers solution. The red blood cells (r.b.c.) were centrifuged and washed three times in PBS. I.o ml of packed r.b.c, was then added dropwise to I-O ml of SF virus suspension. After keeping overnight at 4 °C the mixture was washed four times in PBS. The packed r.b.c, with any adsorbed virus were then re-inoculated intravenously into the donor rabbit. This procedure was repeated four times at Io-day intervals, when the rabbit's serum was shown to have an homologous LNI of 6.o, at a dilution of I : 5.
Tissue culture. A short pilot study with different cell lines, which included LLC-MK2, Vero, PS, Xenopus XTCz (Pudney, Varma & Leake, 1973) and BHK 21 suggested that the latter was the most convenient and suitable cell line to use. The sensitivity of this line to alphaviruses has been documented by Karabatsos & Buckley (1967) . BHK 2I cells were cultured in LI5 (Leibowitz, I963) medium supplemented with 5 % heat inactivated foetal calf serum (FCS) and IO % tryptose phosphate broth (TPB). The stock cells were propagated in 250 ml glass bottles and used when a monolayer was formed.
Virus and antibody assays. Titrations were performed in disposable fiat-bottomed micro- tissue-culture plates (Mz 9 ART Gibco Biocult Ltd), supplied sterile and ready for use. Each plate has 96 wells of 5 mm diam. Volumes were introduced into the wells with machinemade, short Pasteur pipettes (Volac brand, John Poulton Ltd). These were tested and found to deliver a drop volume of o'o33 ml _+ 5 %. The test consisted of one vol. of the virus suspension incubated with one vol. of antiserum for 3 h at 4 °C. One vol. of cell suspension containing 3ooooo cells/ml was then added. The plates were sealed (Titertek, microtitration equipment) and incubated at 37 °C. They were then checked for cytopathic effect (c.p.e.) daily up to a maximum of 8 days.
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Alphavirus cross-neutralization
The antiserum potency was first determined by a chequer-board titration with homologous virus on two different occasions. In all cases the results were reproducible and within the experimental limits of the method. An example of such a titration is shown in Fig. I . All antisera were then adjusted so that their LNI was between 4 and 6, then dispensed in 0. 5 ml samples and stored at -2 o °C.
The antisera were subsequently tested in triplicate against each individual virus diluted in LI5 medium from Io -1 to Io -8. Virus and antiserum were incubated for 3 h at 4 °C and the cell suspension, in LI5 medium containing Io % FCS and Io % TBP, was added.
The results were scored as either c.p.e, positive ( + ) or c.p.e, negative ( -) . Antiserum showing a L N I of I.o or more was re-titrated a minimum of six times against the virus and the L N I was determined by the method of Reed & Muench (I938) . 
RESULTS
The results are shown in Table 2 . Neutralization activity of less than ~.o was recorded but it is not shown here as we consider this to be within the test's limitations. The table shows clearly two well defined major complexes or groupings of viruses and two viruses, EEE and MID, which are unrelated and separate by cross-neutralization testing. The WEEcomplex contains WEE, SIN, WHA, AUR and ND. In our tests Ndumu virus seems to be closer to the WEE rather than EEE complex in contrast to the results of Karabatsos (1975) . In either case the virus appears to be one of the less cross-reactive of the alphaviruses. The VEE-complex (the largest), contains VEE, MUC, PIX, UNA, SF, CHIK, ONN, BEB, GET, HAR, SAG, MAY and URU. This complex can be sub-divided into smaller subgroupings. Thus, VEE, MUC and PIC form one such sub-grouping, and BEB, GET, HAR, SAG and ITAK another. URU and MAY are indistinguishable by neutralization testing whilst CHIK and ONN can be distinguished only when using ONN antiserum.
The results indicate that heterologous neutralizations are very common, though limited to the viruses within a complex. One way crossing, though not unusual, is of a lower order than the homologous reaction, except in the case of CHIK antiserum against ONN virus.
The antiserum to SF, even though prepared in a rather novel way, did not exhibit any higher specificity when compared with an antiserum made in the normal way. It did, however, exhibit fewer non-specific precipitin lines in a gel-diffusion test, indicating the elimination of most extraneous material from the virus suspension (unpublished observations.) DISCUSSION Micro-culture neutralization tests have been successfully used by others and many variations of the technique have been reported (Burgess, I974; Sukhavachana, Yuill & Russell, 1969) . Our method was specific, reproducible and sparing of reagents, which, coupled with the general availability of plastic microculture plates requiring no special treatment, and the use of media not requiring an atmosphere containing added carbon dioxide, can provide a good alternative system for general serology.
The data presented here paralleled those reported by Karabatsos (I975), the major crossreacting complexes remaining the same. Our antisera did, however, show more crossreactivity which may be due to their higher potency.
One-way crossing or crossing where the LNI was not reciprocally similar, were quite common. This may be in part non-specific. The antisera may have been diluted differently and therefore contained variable amounts of non-specific inhibitors. The relationship between CHIK and ONN is interesting since antiserum to CHIK is generally more reactive and does not distinguish between the two viruses, whilst the ONN antiserum is much more specific. We are currently investigating this relationship.
The viruses SAG and ITA are probably the same, and HAR and GET are indistinguishabIe. All four viruses seem closely related and appear to be variants of Getah. Bebaru virus is also related to this group but it is sufficiently distinct to be regarded as a separate virus.
It should be noted that all our tests were carried out with virus cultured in mouse brain and our preliminary experiments revealed plaques of widely different morphology. This was particularly noticeable with the viruses of Getah and its variants SAG, ITA and HAR when grown in Veto cells. Others, for example Sindbis, showed a mixed population of plaques. No attempt was made to plaque purify these viruses. 
